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Secondary long QT syndrome (LQTS) is caused by several drugs, cardiac conditions, and
noncardiac conditions. One of the main metabolic causes is hypokalemia. We experi-
enced treating a boy with secondary LQTS due to primary aldosteronism. The boy had
been followed annually since he was 6 years old because his resting electrocardiogram
(ECG) showed a prolonged QT interval. When he was 9 years old, he developed general
fatigue and myalgia. The QT interval in his resting ECG became longer and serum data
indicated rhabdomyolysis. The aldosterone level was high and renin activity was low.
He was diagnosed with primary aldosteronism. When we, pediatricians, see children
with LQTS, we are apt to think that their condition is congenital in nature. However,
secondary or acquired LQTS should be always taken into consideration and be excluded
not only in adults but also in the pediatric population.
& 2012 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.1. Introduction
Hereditary long-QT syndrome (LQTS) is characterized
by prolonged ventricular repolarization and an increased
risk for ventricular tachyarrhythmias (torsades de pointes)
and sudden cardiac death [1]. It is caused by mutations
that encode critical channel pore-forming alpha subunits
and channel-interacting proteins [2,3]. LQTS is secondarily
caused by several drugs (e.g., antiarrhythmics, antihista-
mines, psychotropics, and antimicrobials), cardiac condi-
tions (myocardial infarction, heart failure, cardiomyopathy,
hypertension, and bradycardia), and noncardiac conditions
(diabetes mellitus, anorexia nervosa, metabolic causes,
intracranial hemorrhage, and hypothyroidism) [4]. One of
the main metabolic causes is hypokalemia.rt Rhythm Society. Publish
. Yoshinaga).2. Case report
A 6-year-old boy was referred to our hospital for the
investigation of an electrocardiographic (ECG) abnormal-
ity in May 2006. Prolongation of the QT interval was
discovered during a school-based screening program held
in our city. His resting ECG showed a corrected QT interval
(QTc) of 0.505, by Bazett’s formula, and 0.475, by Frider-
icia’s formula. Serum chemical data were not obtained.
Thereafter, he visited our hospital annually.
He was unable to keep up with his peers since April
2008. In August 2008, he developed general fatigue and
myalgia and visited the hospital on August 31, 2008. His
resting ECG showed a QTc by Bazett’s formula of 0.665
and by Fridericia’s formula of 0.634 (Fig. 1a). Serum
chemical data indicated rhabdomyolysis (Table 1). His
aldosterone level was 1290 pg/ml, and renin activity was
o0.1 ng ml1 h1. Computed tomography and magnetic
resonance imaging did not show any tumor-related change
or hyperplasia in his adrenal gland. He was diagnosed with
primary aldosteronism. Potassium and spironolactone were
administered. Before the administration, his blood pressureed by Elsevier B.V. All rights reserved.
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Fig. 1. (a) The patient’s resting ECG obtained on August 31, 2008 showed a QTc of 0.665 by Bazett’s method and of 0.634 by Fridericia’s formula. (b) The
patient’s ECG obtained on the 25th hospitalization day returned to normal.
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Table 1
Serum chemical data: time-dependent changes.
Day 1 Day 7 Day 13 Day 23
Electrolytes
K (mEq/l) 1.6 2.2 3.0 3.4
Na (mEq/l) 147 145 145 142
Cl (mEq/l) 97 92 98 104
Aspartate aminotransferase (IU/l) 299 77 30 18
Alanine aminotransferase (IU/l) 200 127 45 14
Lactate dehydrogenase (IU/l) 818 430 246 199
Creatine kinase (IU/l) 15,402 2014 131 41
Blood urea nitrogen (mg/dl) 15.4 14.6 14.6 14.7
Creatinine (mg/dl) 0.67 0.53 0.46 0.40
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Fig. 2. Association between serum potassium levels and the QTc by Fridericia’s formula.
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general fatigue and myalgia. On the 23rd day of hospitaliza-
tion, his ECG (Fig. 1b) and chemical data (Table 1) were
normalized, and he was discharged. His corrected QT inter-
vals by Fridericia’s formula were signiﬁcantly associated
with serum potassium levels (Fig. 2). The ﬁnal dosage of
drugs was 60 mg/d of spironolactone and 150 mg/d of
potassium aspartate, and his blood pressure after control
was 120/85 mmHg.
Genomic DNA was isolated from blood after obtaining
written informed consent. Genetic screening for LQT-1
(KCNQ1), -2 (KCNH2), -3 (SCN5A), -5 (KCNE1), -6 (KCNE2),
-7 (KCNJ2), -9 (CAV3), -10 (SCN4B), and -12 (SNTA1) was
performed by PCR and direct DNA sequencing. No muta-
tion was found in these genes.
3. Discussion
Secondary LQTS is caused by several drugs, cardiac
conditions, and noncardiac conditions. One of the main
metabolic causes is hypokalemia.
A screening program conducted for all Japanese chil-
dren (1st, 7th, and 10th grades) revealed that a large
number of children had LQTS without a positive family
history and with no history of LQTS-related cardiac events
at the time of diagnosis [5]. The prevalence of abnormalECG phenotypes, namely, those of abnormally prolonged
QT intervals irrespective of the presence or absence of
symptoms and/or family history, is estimated to be 1 in
1164 among 7th graders aged 12 years [6].
The association between the prolonged QTc values and
hypokalemia is well known [4]; however, the association
between the QT interval and serum potassium concentra-
tions in patients with primary aldosteronism may be
controversial. Yang et al. reported that there was no
signiﬁcant correlation (p¼0.196) between the longest
QT intervals and the serum potassium concentration in
26 patients with primary aldosteronism [7]. On the other
hand, Matsumura et al. reported that the QTc intervals
were signiﬁcantly correlated with serum potassium con-
centration (p¼0.0011) before adrenalectomy and that the
prolonged QTc values were normalized after adrenalect-
omy in 19 patients with primary aldosteronism [8]. In the
present case, the QTc interval normalized along with
the elevation of the serum potassium concentration, and
a signiﬁcant association was present between the QTc
values and the potassium concentration. The ﬁndings of
Matsumura et al. and the present case may support the
notion that hypokalaemia prolongs the QTc interval in
patients with primary aldosteronism.
The prevalence of acquired or secondary LQTS is
unclear in the pediatric ﬁeld, and very few children or
K. Kojo et al. / Journal of Arrhythmia 28 (2012) 61–6464adolescents receive medications capable of causing drug-
induced LQTS. When we, pediatricians, examine patients
with LQTS, we tend to think that their LQTS is congenital
in nature. However, secondary or acquired LQTS should be
always taken into consideration and ruled out.
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